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Abstract

This study determined the genotype distribution of apolipoprotein E (apo E) gene and its
relation to serum lipids in 217 healthy Thais consisting of 79 males and 138 females. Serum total
cholesterol (TC), HDL-cholesterol (HDL-C) and triglyceride (TG) concentrations were deter-
mined by enzymatic-colorimetric methods, while serum LDL-cholesterol (LDL-C) levels were
calculated using Friedewald formula. Apo E genotypes were determined by PCR-RFLP. Out of
217 subjects, apo E genotype frequencies were 5.5 per cent for E2/E2, 12.4 per cent for E2/E3,
81.1 per cent for E3/E3 and 0.9 per cent for E4/E4. In men, advancing age was associated with
increased serum TC (r = 0.28, P < 0.05) and LDL-C (r = 0.27, P < 0.01). Subjects having the E2
allele had lower TC (r = -0.27, P < 0.05) and LDL-C. (r = -0.25, P < 0.05). Age and apo E genotypes
were not associated with HDL-C and TG in men. In women, increasing age was related to higher
serum TC (r = 0.45, P<0.001), LDL-C (r = 0.44, P < 0.001), TG (r = 0.40, P < 0.001) and lower
HDL-C (r = -0.36, P < 0.001). The presence of E2 allele was related to lower TC (r = -0.24, P
< 0.001), LDL-C (r = -0.26, P < 0.001), TG (r = -0.15, P < 0.05) and higher HDL-C (r = 0.20, P
< 0.01) independent of age and menopausal status.We concluded that the €4 allele of apo E gene
1s rare in Thais. The presence of the €2 allele is associated with a more favorable lipid profile
and there is a sexual dimorphism concerning the effect of apo E genotype on serum HDL-C
and TG. '
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Apolipoprotein E (apo E) is a major pro-
tein component of lipoprotein and plays an impor-
tant role in the hepatic lipoprotein uptake and re-
verse cholesterol transport. Circulating apo E is
heterogeneous in terms of protein structure and com-
mon apo E isoforms include E2, E3 and E4 which
are coded by the €2, €3 and €4 alleles at apo E gene
locus, respectively. Apo E polymorphism has been
associated with serum lipid concentrations in a
number of populations(1,2). Besides association
with serum lipid levels, apo E polymorphism has
been demonstrated to be related to cardiovascular
diseases(3). It is well known that gender and age
also affect serum lipid concentrations. With advanc-
ing age, serum lipid profile becomes more athero-
genic(4). Moreover, the more favorable lipid pro-
files, when compared to men, in younger women
tend to disappear after menopause(5). It is unclear
how the genetic effect of apo E polymorphism may
interact with gender and age-related factors to deter-
mine serum lipid profiles since most studies to date
did not examine such interactions concurrently.

In the present study, we determined the
genotype distribution of apo E and its relation to
serum lipids in healthy Thais. The gender and age-
related effects were also addressed concurrently to
assess the importance of apo E and its interactions
with age and gender in the determination of serum
lipids in Thais.

MATERIAL AND METHOD
Subjects
Seventy nine nondiabetic men and 138 non-
diabetic women residing in the Bangkok Metropo-
litan area were recruited by leaflets or direct con-
tact. All were found to be healthy by medical his-
tory-taking and complete physical examination.
All subjects gave informed consent and
the study was approved by the Ethical Clearance
Committee on Human Rights Related to Researches
Involving Human Subjects of the Faculty of Medi-
cine, Ramathibodi Hospital, Mahidol University.

Laboratory Assessments

Fasting blood samples were obtained from
subjects between 8.00 and 10.00 am. Serum samples
were frozen at -20°C until measurement. Serum total
cholesterol (TC), HDL-cholesterol (HDL-C) and tri-
glyceride (TG) concentrations were determined by
enzymatic-colorimetric method(6-8), while serum
LDL-cholesterol (LDL-C) levels were calculated
using Friedewald formula(9).
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Determination of Apo E genotypes

Apo E genotypes were determined by a
previously reported method(10) with some modifi-
cations. Genomic DNA (0.1 pg) was amplified in 50
ul of 20 mM Tris-HCI, pH 8.0 and 160 uM of each
of the four deoxyribonucleotides. One unit of Taq
polymerase and 0.2 uM of each of the oligonuccleo-
tide primers were used for the reaction. Polymerase
chain reaction was performed through 40 cycles by
the following steps: denaturation at 94°C for 30
seconds, annealing at 65°C for 30 seconds and
extension at 30°C for 1 minute. After amplication,
the PCR product was digested with Hhal restriction
endonuclease and resolved in 5 per cent Metaphor
agarose gel (FMC Bio Product, USA) with ethidium
bromide staining.

Statistical Analyses

Association between serum lipids and apo
E alleles was analyzed using Pearson’s correlation.
The presence of €2 allele was numerically coded
as | while the absence of the allele was coded as 2.
Assessments of difference between 2 categories
were performed by Mann-Whitney U test. Step-
wise multiple linear regression was used to deter-
mine the concurrent effects of multiple variables
on serum lipids. Data were presented as mean +
SEM.

RESULTS

Clinical characteristics and serum lipid
concentration in male and female subjects are
shown in Table 1. As demonstrated in Table 2.
advancing age was associated with increased serum
TC and LDL-C in men while HDL-C and TG were
not related to increasing age. In women, increasing
age was also related to higher serum TC and LDL-
C. However, unlike the findings in men, increasing
age in women was associated with higher TG and
lower HDL-C. When categorizing the subjects into
age groups, it was found that women had signifi-
cantly higher HDL-C than men in all age groups
while the lower TG compared to men in younger
women no longer persisted when age was greater
than 60 years (Table 3). No gender-related dif-
ference in TC or LDL-C was demonstrated in any
age groups.

The distribution of apo E genotypes is
shown in Table 4. The €4 allele was rare in our
population. There was no difference in genotypes
distribution between men and women. Men with €2
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Table 1. Clinical characteristics and serum lipid concentrations in male and female subjects.

Males Females

(n=79) (n=138)
Age (year) 51.8x1.8 508+1.2
Body weight (kg) 66013 549 +07
Total cholesterol (mg/dl) 2204+ 4.4 2243+35
LDL-cholesterol (mg/dl) 160.8 4.3 1625+ 34
HDL.-cholesterol (mg/dl) 318=x1.1 409 +£0.8
Triglyceride (mg/dl) 1389+84 104.]1 4.4

Data are presented as mean + SEM

Table 2. Correlations between serum lipid concentrations and age in males and females.

Males Females
r p r p
Total cholesterol (mg/dl) 028 <005 045 < 0.001
LDL-cholesterol (mg/dl) 0.29 <0.05 0.45 < 0.001
HDL-cholesterol (mg/dl) -0.07 NS -0.36 < 0.001
Triglyceride (mg/dl) -0.02 NS 041 < 0.001

Table 3. Comparison of serum lipid concentrations between males and females in different age groups.

Males Females p

Age < 40 years n=19 n=29

Total cholesterol (mg/dl) 192.8+9.2 200.6 £6.6 NS

LDL-cholesterol (mg/dl) 1351+ 87 137762 NS

HDL-cholesterol (mg/dl) 334+3.1 47.1x13 <0.00!

Triglyceride (mg/dl) 1219194 785+64 <0.05
Age 40.0 - 59.9 years n=3] n=7l1

Total cholesterol (mg/dl) 232462 2209+44 NS

LDL-cholesterol (mg/dl) 171.7+6.7 1609 £+ 4.3 NS

HDL-cholesterol (mg/dl) 29413 405+ 1.1 <0.001

Triglyceride (mg/dl) 156.4 = 14.6 97555 < 0.001
Age > 60 years n=3l n=42

Total cholesterol (mg/dl) 229.1£6.4 245.1+6.5 NS

LDL-cholesterol (mg/dl) 1700+ 6.3 181.4+8.1 NS

HDL-cholesterol (mg/dl) 335+ 13 377+ 14 < 0.05

Triglyceride (mg/dl) 1282193 130.2+9.0 NS

Data are presented as mean + SEM

Table 4. Distribution of apo E genotypes in males and females.

Apo E Genotype
€2€2 €2e3 €2e4 €3e3 €3e4 €ded
Males (n = 79) 4(5.1%) 13 (16.5%) 0 62 (78.5%) 0 0
Females (n = 138) 8(5.8%) 14 (10.1%) 0 114 (82.6%) 0 2(1.4%)

Total (n =217) 12 (5.5%) 27 (12.4%) 0 176 (81.1%) 0 2(09%)




1236 . S. CHANPRASERTYOTHIN et al. J Med Assoc Thai October 2000
Table 5. Comparison of serum lipid concentrations in males with and without €2 allele.
€2 present (n = 17) €2 absent (n = 64) p
Total cholesterol (mg/dl) 200.6 + 10.7 2259+45 < 0.05
LDL-cholesterol (mg/dl) 142.8 £ 10.0 1659+47 < 0.05
HDL- cholesterol (mg/d) 319219 31712 NS
Triglyceride (mg/dl) 129.8 £ 12.5 141.5+10.1 NS

Data are presented as mean + SEM

Table 6. Comparison of serum lipid concentrations in premenopausal and postmenopausal females with

and without €2 allele.

€2 present £2 absent p

Premenopausal females n=11 n=46

Total cholesterol (mg/dl) 1809+ 104 208.3+42 <0.05

LDL-cholesterol (mg/dl) 121.6 £ 10.1 1472+43 <0.05

HDL-cholesterol (mg/dl) 45523 443z 14 NS

Triglyceride (mg/dl) 69.0+£9.6 840x48 <0.05
Postmenopausal females n=11 n=70

Total cholesterol (mg/dl) 2190x117 2425+49 <0.05

LDL-cholesterol (mg/d}) 153.6x11.7 180.5+4.5 <0.05

HDL -cholesterol (mg/dl) 455+23 37310 <0.01

Triglyceride (mg/dl) 993+ 10.1 123.5+7.1 NS

Data are presented as mean + SEM

allele had lower TC and LDL-C (Table 5). How-
ever, the presence of €2 allele did not affect HDL-C
and TG in men. Similar to the findings in men, pre-
and postmenopausal women with €2 allele had
lower TC and LDL-C (Table 6). Nevertheless, pre-
and postmenopausal women with €2 allele also had
lower TG and higher HDL-C, respectively.
Using stepwise regression analysis to
assess the simultaneous effects of advancing age
and apo E genotype on serum lipids, it was found
that advancing age and the absence of €2 allele
were associated with higher TC and LDL-C in men.
No effect on HDL-C and TG was demonstrated
(Table 7). In women, advancing age and the absence
of €2 allele were associated with higher TC, LDL-C,
TG and lower HDL-C (Table 7). Menopausal status
did not affect serum lipids after controlling for age.

DISCUSSION

Apo E polymorphism display ethnic varia-
tions especially for the frequency of E4 allele. In
Caucasians, the proportion of the population har-

boring E4 allele is in the 10 - 20 per cent range. In
contrast, the prevalence of E4 allele in Asians is
low. In Chinese, the prevalence of E4 allele has
been reported to be 4.9 per cent(11) while it is 11.1
per cent in Japanese(12). In the present study in
Thais, low prevalence of E4 allele was also demon-
strated. The reason for the different gene distribu-
tion is unclear. Nevertheless, it has been suggested
that different distribution of apo E polymorphism
may be accountable for the variation in the preva-
lence of atherosclerosis among different popula-
tions(13,14), Apo E polymorphism was associated
with higher mortality from cardiovascular disease in
elderly women(15) and early atherosclerosis as
assessed by carotid intimal thickness(16) and the
initiation and progression of atherosclerosis(17).
Changes in lipid profile and the size of LDL parti-
cles(18) may mediate the effect of apo E polymor-
phism on coronary heart disease. Our present find-
ings concerning the influence of apo E genotypes
on serum lipids are in keeping with other previous
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Table 7. Standardized coefficients of regression from stepwise multiple linear regression analyses of the
relation between age, apo E polymorphism and serum lipids in males and females.

Age €2 status
8 p 8 p

Males

Total cholesterol (mg/dl) 0.28 < 0.05 -0.27 < 0.05

LDL-cholesterol (mg/dl) 0.27 <0.01 -0.25 <0.05

HDL-cholesterol (mg/dl) - NS - NS

Triglyceride (mg/dl) NS - NS
Females

Total cholesterol (mg/dl) 0.45 < 0.001 -0.24 < 0.001

LDL-cholesterol (mg/dl) 0.44 < 0.001 -0.26 < 0.001

HDL-cholesterol (mg/dl) -0.36 <0.001 0.20 <0.05

Trglyceride (mg/dl) 0.40 <0.001 -0.15 <0.05

studies showing that E2 allele is more favorable in
terms of lipid profiles(1,2) while E4 allele is the
least favorable. The association between apo E and
serum lipids is evident in children as young as 3
years old. However, the effect is not apparent in
the newborn suggesting that environmental factors
are needed for apo E polymorphism to exert its
effect(19),

It is well established that aging is asso-
ciated with changes in serum lipids, particularly an
increase in LDL-C and TG and decrease in HDL-C
as demonstrated in the present study. It has been
reported that there is an interaction of aging and
genotype on serum lipids(20.21). However, It is of
note that the effect of apo E polymorphism on
serum lipid concentrations is partly gender-related
such that apo E polymorphism was related to varia-
tion in serum HDL-C and TG only in women. The
reason for the gender-related modulation is unclear.
Few studies have addressed the gender-related

difference in the effect of apo E on serum lipids.
Similar to our findings, a study in American Indians
demonstrated a gender difference such that the
relation between apo E and TG was stronger in
postmenopausal women compared to men(22).
Estrogen has a number of effects on serum lipids.
For example, it has been shown that estrogen
decreases LDL-C, increases HDL-C and may
decrease TG levels. The mechanisms by which estro-
gen affect serum lipids include stimulating hepatic
VLDL uptake, induction of hepatic LDL receptors
and LDL uptake. It is likely that there may be an
interaction between estrogen and apo E systems on
serum lipids. In fact, estrogen replacement has been
demonstrated to decrease serum apo E levels(23.
24), Although there were studies showing different
responses to lipid-lowering agents such as bezafi-
brate and pravastatin among subjects with different
apo E polymorphism, data on such an effect of
estrogen is not available.

(Received for publication on May 28, 1999)
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